Foot-and-mouth disease virus (FMDV), a member of the family Picornaviridae, contains a single-stranded, messenger-sense RNA molecule of approximately 8,000 nucleotides. This RNA is produced in infected cells by a virusencoded RNA polymerase (14) . A 70S viral RNA replication complex isolated from FMDV-infected cells also has the ability to transcribe a synthetic template, poly(A), with a poly(U) polymerase activity by an oligoribouridylate primer and magnesium ions (13, 15) . The poly(U) polymerase replication complex contains five polypeptides, one of which, identified as P56 by polyacrylamide gel electrophoresis, is virus induced, whereas the others are of host cell origin (15) . The isolated poly(U) polymerase P56 synthesizes RNA when FMDV RNA is substituted for poly(A) and oligo(U) and the four ribonucleoside triphosphates are present (11) .
The polymerase was shown to be membrane associated by detergent treatment (1, 14) and it has been localized in situ by polymerase antisera tagged with either peroxidase or femtin (17). Electron microscopic examination revealed that the polymerase is heavily concentrated on membranes of the smooth membranous vacuoles, which are newly formed during infection and which were previously shown to be the site where newly synthesized viral RNA appeared (16). Polymerase antigen is also associated with the endoplasmic reticulum, the assumed site of original synthesis, and to a lesser extent with mitochondria and the Golgi apparatus (17).
The present study continues these previous investigations and confirms the presence of the polymerase in the Golgi apparatus isolated from infected cells. Pulse-chase experiments with labeled amino acids indicate that the polymerase protein passes through the Golgi apparatus as infection proceeds.
Baby hamster kidney cells infected at a multiplicity of 50 PFU with FMDV type A12 in the presence of actinomycin D as described previously (15) were pulse-labeled with tritiated amino acids from 150 to 180 min postinfection. The Golgi apparatus was isolated from these cells by a slight modification of the procedure of Green et al. (7) by centrifuging cell homogenates through discontinuous sucrose gradients. Briefly, washed cells were Dounce homogenized in hypotonic medium containing the proteolytic enzyme inhibitor phenylmethylsulfonyl fluoride. Nuclei and unruptured cells were removed by pelleting from 10% (wt/vol) sucrose solutions at 2,000 x g for 15 min at 4°C. The supernatant was spun for 10 min at 10,000 x g to separate the mitochondria. The resulting supernatant was adjusted to 55% (wt/vol) * Corresponding author. sucrose, and 8-ml portions were layered beneath a three-step gradient consisting of 10-ml portions of 46, 40, and 20% (wt/vol) sucrose in 0.05 M Tris buffer (pH 7.0). After centrifuging for 2 h at 100,000 x g in an SW28 rotor, the band at the interface of the 20 and 40% sucrose layers was diluted with Tris buffer to 10% sucrose. The Golgi isolates were pelleted by centrifuging for 1 h at 100,000 x g and were stored on ice. Preparations tested for their content of galactosyl transferase as a marker for the Golgi isolates showed about 20-fold increases in specific activity over the starting cell homogenates (7) .
The Golgi pellets were electrophoresed on 10% sodium dodecyl sulfate-polyacrylamide slab gels containing 8 M urea (15 preparation buffer (15) , and 25-,ul portions were analyzed.
The gels were treated with sodium salicylate (4) , dried, and exposed to Kodak XAR-5 film at -70°C (3) .
An autoradiogram of an isolated Golgi fraction from a tritiated amino acid-labeled infected cell is shown in Fig. 1 , lane b (Fig. 1, lane The P56 band is the point of interest for this study since earlier work had shown that the virus-induced protein component of the poly(U) polymerase complex has the same electrophoretic mobility (15) . Experiments were performed to confirm the identity of the P56 band. A purified labeled preparation of the poly(U) polymerase complex (15) was coelectrophoresed with the Golgi isolate, and the resulting autoradiogram showed no additional protein bands (data not shown).
The P56 band was further confirmed as the poly(U) polymerase protein by immunoprecipitation (9, 10) . A portion of the Golgi isolate was pretreated with Staphylococcus aureus cells containing protein A to eliminate nonspecific immunoprecipitation (8) . The treated portion was then added to guinea pig antiserum raised against the polymerase antigen, which had been depleted of antibody to 140S virion antigen (13) . The immune complex was precipitated by the addition of S. aureus cells containing protein A, washed, electrophoresed, and visualized on autoradiograms. The major band on the gel was P56 (Fig. 1, lane d) . Faint bands were seen on the gel at P81 and P77, which presumably could represent polymerase precursors (8) . Additionally, the viral RNA polymerase was seen (Fig. 2) in the isolated Golgi apparatus by labeling with guinea pig antipolymerase serum and ferritin-tagged goat anti-guinea pig serum (17).
The passage of the polymerase protein through the Golgi apparatus was studied in a set of chase experiments. The P56 band on the gel became progressively fainter as the length of the chase increased. Figure 1 , lane c, shows the disappearance of the P56 and other bands, with the exception of P39, after a 60-min chase with unlabeled amino acids. The earlier work in this laboratory localizing the polymerase in situ on smooth membranous vacuoles (15, 16) suggested that transfer of the virus-induced polymerase protein from its site of synthesis on the rough endoplasmic reticulum to the smooth membranous vacuoles where it can combine with host cell proteins to form the functioning polymerase complex may occur by passage through the Golgi apparatus (17, 18). The present studies strengthen the assumption that the processing of the RNA polymerase may be similar to that described for secretory proteins (6, 12) .
The present studies also provide information on the in vivo morphogenesis of FMDV. It is known that the ribosomes in infected cells synthesize a viral polyprotein, which is split during translation into four primary cleavage products and subsequently further cleaved into viral structural and nonstructural proteins (2, 5, 8) . The data from Fig.  1 indicate that at least some of these cleavage products are associated with and probably processed in the Golgi apparatus. The RNA polymerase, which is one of the final cleavage products of the primary viral polyprotein (8) , has been shown here to pass through the Golgi apparatus. The major bands seen on the gel, P42, 39, and 26.5, may represent the structural proteins of the FMDV virion or their precursors since earlier work on their electrophoretic mobilities showed comparable weights (2). The polypeptide VPO (which yields VP2 and VP4) was reported at about P40, and VP1 (termed VP3 in the earlier work) was about P26.
